include six central processing units, 35 graphics and
photogrammetric workstations, 4.4 billion bytes of on-
line disk storage, three high-speed plotters, four on-line
workstations located at clients' offices, and a data man-
agement and retrieval system that catalogs the infor-
mation.

But hardware is only the beginning; applying it sys-
tematically provides the payoff. For example, combin-
ing photogrammetric mapping and computer graphics
produces digitized drawings of installation master plans
and potential construction sites. This combination of
site information and basic building designs, which is
part of the computer's data base, enables the Corps of
Engineers to mobilize construction activity without
time-wasting preliminaries.

The benefits extend even beyond the construction
stage. For instance, computer-aided design makes possi-
ble a digital record of a facility ' 'as built,'' which aids in
post-construction maintenance and management.
Although the same information can be laboriously com-
piled and updated by conventional methods, computer-
ized records are centrally located, are readily accessed
by multiple users, and occupy minimum storage space.
The human interface with the system includes com-
puter graphics operators, graphics and photogram-
metric applications specialists, data processing support
personnel, ground survey parties, architects and
engineers, and other technicians and support personnel.
These people and the equipment they operate are vital
system components, and they in turn are critically
dependent upon the software that makes the system
tick.

Software, as opposed to the physical equipment or
hardware, comprises the programs, languages, and pro-
cedures necessary to enter and process the information.
Unlike software for more familiar number-crunching
and word processing applications, graphics software is
not readily available in turnkey packages for many ar-
chitecture and engineering applications. Consequently,
much of it must be developed from scratch, and most of
this application-oriented software originates in the
private sector, either independently or in response to
military and government requirements.

Another component of the computer-aided design
system is the set of graphic symbols peculiar to architec-
ture and engineering. Contents of the Brown
Company's computerized data base number more than
3,000 cells of frequently used symbols and design
details. Electrical circuit symbols and standard wall-
section details that can be "plugged in" when needed
are examples.

These symbols are the modular building blocks for
computer-generated drawings. They accumulate over a
period of time, from project to project, and store easily,

readily available for use. For any particular job, a few
new symbols may have to be created for new compo-
nents or circumstances. But the majority of all drawings
can be composed using previously developed symbol-
ogy. Availability of this information for new projects
saves drawing and design time and is an important ad-
vantage over manual methods.

The scope and complexity of many large defense con-
struction projects have, in some cases, made computer
graphics capability a necessity for architecture and
engineering firms seeking such business. Announce-
ments in Commerce Business Daily are increasingly
specifying contractor capabilities that include computer
graphics. The General Accounting Office is also aware
of the cost', time, and energy savings possible through
computer graphics applications. In a report entitled
Agencies Should Encourage Greater Computer Use on
Federal Design Projects, issued on October 15, 1980,
GAO stated: "In comparison to manual design
methods, computers can enable designers to produce
higher quality, more effective facility planning and ar-
chitectural designs; reduce the amount of energy con-
sumed by buildings; and lower overall building costs
through reduced construction, maintenance and operat-
ing costs."

Cost reduction opportunities are both short- and
long-term. Because of its speed and instant access to
previously developed information, for instance,
computer-aided design cuts near-term administrative
costs. Thus, on the Navy barracks projects described
earlier, a remote graphics workstation at the Naval
Facilities Engineering Command linked the client in
Philadelphia to the contractor's data center in In-
dianapolis. On-demand, ongoing project review was
possible without the burden of travel and per diem ex-
penses for either the Navy or Brown Company person-
nel. The firm estimated that savings to the government
in travel costs amounted to $10,000 for each project.

In project design, computer graphics generates the
greatest savings in the area of repetitive drawings, par-
ticularly electrical schematics and wiring layouts. Com-
pared to conventional manual methods, computer
graphics can save time on the order of 8-to-10:l or
more, and it can also pay substantial dividends when ap-
plied to architectural, structural, and civil design work.
On the New London and Great Lakes projects, for ex-
ample, computer graphics techniques cut overall draft-
ing time by 20 percent to 25 percent (approximately
2,600 manhours), slashing 50 percent (1,000 manhours)
from electrical drafting time alone.

Both of these Navy housing projects incorporated
standard sleeping room modules. Design changes such
as relocating corridor doors were easy using computer
graphics displayed on video terminals. Designers could

Defense Management Journal

27